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(particularly at more humid sites) that water movement along preferred pathways is the rule rather than the exception (Allison et al., 1994) . However, the organic layer limits the water vertical flow, and diffusion may be the principal mode of solute transport, characteristic of arid or semiarid regions (Joshi et al., 1997) . This situation should be considered at a specific site, and the limitation of piston flow type calculations needs to be recognized.
-The unsaturated vertical flow below the manure-soil interface is mainly controlled by gravity. The capillary tension gradient plays only a minor role because the moisture content is at or above field capacity and the variation in moisture content is small (Bengtsson et al., 1988) . A gravity wave can be routed through the unsaturated zone over time. Then, the leaching rate (S) can be estimated by determining the depth reached by chloride from the penetration at the interface zone level.
-In the chloride mass balance method, non-piston flow can be taken into account, as soil moisture flux is independent of the distribution of the tracer in the profile (Allison et al., 1994; Joshi and Maule, 2000) .
-According to the theory of chloride transport and assuming steady-state conditions and the hydrodynamic dispersion coefficient to be negligible, Scanlon (1991) stated that volumetric soil-moisture flux (qm) can be described by: 
